Summary. Ovulatory effects of histamine and specific antagonists were studied in isolated perfused ovaries from immature rats treated with 10 i.u. PMSG to stimulate follicular growth and maturation. Histamine alone, like LH, induced ovulation in all ovaries tested, but the number of follicular ruptures was lower after histamine (7\m=.\0 and 2\m=.\2 ruptures, respectively, per ovary). The histamine-induced ovulations could be inhibited dose-dependently by the H 1-receptor antagonist, pyrilamine, or the H2\ x=r eq-\ antagonists, cimetidine and ranitidine. At the concentrations tested, these antagonists did not, when given separately, reduce the LH-induced ovulations significantly, but pyrilamine and cimetidine in combination lowered the ovulation frequency by 65%. The prostaglandin synthesis inhibitor, indomethacin, was not able to block the histamine-induced ovulations.
Introduction
The ovarian content of histamine in the rat decreases after stimulation with luteinizing hormone (LH) or human chorionic gonadotrophin (hCG) (Szego & Gitin, 1964; Hunter & Leathern, 1968; Lipner, 1971) . In rabbit and man the concentration is elevated before ovulation (Morikawa, Okamura, Okazaki & Nishimura, 1976; Morikawa, Okamura, Takenaka, Morimoto & Nishimura, 1981) . Histamine, like LH, causes hyperaemia of the ovary (Wurtman, 1964) and the LH-induced increase in blood flow is prevented by antihistamines (Piacsek & Huth, 1971) . Such antagonists also reduce the number of released oocytes after hCG stimulation (Lipner, 1971) , while histamine itself has the opposite effect (Batta, 1980) . However, histamine is able to induce ovulation in the isolated rabbit ovary in the absence of gonadotrophin stimulation (Kobayashi, Wright, Santulli & Wallach, 1983) .
In the present study the possible role of histamine in the ovulation process and its interaction with LH was investigated in a recirculating system for perfusion of isolated rat ovaries by using selective antagonists for the histamine receptor subtypes, with the aim of characterizing in more detail the histaminergic effects on ovulation. We have previously shown that stimulation of the H1 subtype of receptor induces contraction of isolated smooth muscle strips from the walls of cow follicles, whereas relaxation is mediated by the H2-receptor (Schmidt, Kannisto, Owman & Walles, 1986 ).
(05:00-19:00 h) and 10 h darkness. They were fed a standard diet of pellets and water ad libitum. On the morning of Day 26, between 08:00 and 10:00 h, the rats were given s.c. 10 i.u. PMSG. This results in follicular growth and maturation within the next 2 days. On the morning of Day 28, before the endogenous LH surge which occurs between 15:00 and 18:00 h of that day (Ekholm & Hillensjö, 1982) , the animals were anaesthetized with pentobarbitone sodium i.p. (40 mg Mebumal/kg body wt: ACO, Solna, Sweden) for removal of the ovaries.
Operation procedure. The surgical technique for isolation of the ovaries was that described in detail by Koos, Jaccarino, Magarti & LeMaire (1984) and Sogn, Abrahamsson & Janson (1984) .
After injection of 100 i.u. heparin per animal (Heparin sodium, Kabi Vitrum, Stockholm, Sweden) into a tail vein, the abdomen was opened through a midline incision. One of the ovaries and its vessels were dissected free, together with the lumbar part of the aorta and the vena cava. The aorta and cavai vein were separated from each other and cannulated with infusion catheters (Viggo, Helsingborg, Sweden) having outer diameters of 1 -0 and 1 -4 mm, respectively. The ovary was then transferred to the perfusion system. Perfusion system. The apparatus for perfusion of the rat ovaries was identical with that previously used in our laboratory for rabbit ovaries (Schmidt, Owman, Sjöberg & Walles, 1985) , and which was originally described by Janson et al. (1982) . Three ovaries were simultaneously perfused in 3 identical closed perfusion systems containing 70 ml Medium 199 with Earle's salts and L-glutamine (Gibco Bio-Cult, Paisley, U.K.). Bicarbonate (0026m) was added to obtain pH 7-4 when the medium was continuously oxygenated with a gas mixture of 95% 02 + 5% C02. The medium also contained 75 pg benzylpenicillin G/ml, 50 pg streptomycin/ml, 0-2 i.u. heparin/ml, 0-02 i.u. insulin/ml, and 2% fatty acid-free bovine serum albumin (BSA, Sigma, St Louis, MO, U.S.A.).
The ovary with its pedicle was attached to the perfusion apparatus via the aortic catheter and placed in a separate glass beaker filled with warmed (37°C) saline (0-9% (w/v) NaCl). Initially, 1-2 ml medium were allowed to pass through the ovary into the beaker to rinse blood from the organ before the preparation was placed in the organ chamber. The perfusion pressure was adjusted in the different experiments to 70-90 mmHg, which resulted in a mean flow of 0-8 ml/min, as checked by a specially designed outlet from the organ chamber. In each individual experiment the perfusion pressure and flow rate varied only within narrow limits because of the incorporated overflow system. After mounting, the ovary was allowed to accommodate during 1 h before the experiments started at about 12:00 h. Samples of medium (2 ml) were taken hourly after the accom¬ modation time until 24:00 h. Every sample was replaced with the same amount of fresh medium. The last sample was taken at 07:00 h on the following morning, when the ovary was removed from the perfusion system and observed for follicular ruptures with the aid of a Zeiss OPM stereomicroscope at xl5-30 total magnification. Identification of the rupture sites was facilitated during the microscopy by gentle perfusion of the ovary with 1 % méthylène blue through the arterial catheter. To recover the released oocytes, the medium from the organ chamber was transferred to centrifuge tubes together with the small amount of saline which was used to rinse the organ chamber thoroughly. The collected fluid was centrifuged at 1600# for 5 min and the supernatant was aspirated until about 0-5 ml remained. The content was examined on glass slides using transmitted light in a phase contrast microscope at 80 magnification.
Experimental. Perfusion of the excised ovaries started between 10:00 and 12:00 h. The ovaries, 5 in each group, were perfused according to 15 different experimental protocols as summarized in Table 1 . Control ovaries received 0-1 ml of a buffered solution of KHC03 (see below) every hour until 24:00 h. In experiments with LH, 0-1 pg/ml was added once after 1 h of perfusion. Histamine (giving an immediate concentration in the system of 5 10~6 m) was added either every hour until 24:00 h in one of the groups or only twice after 1 h (histamine alone) or 2 h (antagonist followed by histamine) and 10 h perfusion in all other experimental groups with histamine. Each of the histamine receptor antagonists, cimetidine, ranitidine and pyrilamine, were administered every hour until 24:00 h. The concentrations referred to in Table 1 Hâkanson & Rönnberg (1974) . The sensitivity of the assay was 2 ng/ml, with an intra-assay variation of less than 5%.
Statistics. 
Results

General observations
Flow rate and perfusion pressure did not change after the addition of histamine or LH to the perfusate. Both substances caused an oedematous swelling of the ovary, which was visible with the naked eye and in the stereomicroscope after about 3 h. This oedema was not noticed in the control ovary.
Follicular ruptures began about 10 h after LH or histamine was added, but the exact time was not studied systematically. In the stereomicroscope the appearance of the ruptures was similar after induction with LH or histamine. The oocytes that were recovered in the morning at the end of the experiment were denuded or surrounded by granulosa cells. Some of the oocytes were degenerate but no attempt was made to determine the exact ratio, nor was the degree of oocyte maturation established because of the variation in time from ovulation until oocyte collection.
No ovulations occurred in the control group of ovaries perfused with buffer solution alone (Table 1, Group 1). All ovaries ovulated under the influence of LH (Group 2).
Effect of histamine
When histamine was added at hourly intervals to the perfusion system there was an accumulation of the amine in the circulating medium (Fig. 1) . Histamine added twice to the medium during the experiment was sufficient to maintain a stable concentration in the perfusate (Fig. 1) . Given alone, histamine induced ovulation in all ovaries (Table 1, Group 3) and there was no difference in the number of ovulations per ovary if the amine was added every hour (Group 3a) or twice (Group 3b) during the experiment. The frequency of ovulations was, however, significantly lower than for the LH induced ovulations (Group 2; F<0005).
Effect of an H\-antagonist
The lowest concentration of pyrilamine tested (10~5 m) had little or no effect on the histamineinduced ovulations (Table 1 , Group 4a), whereas a 10 times higher concentration completely (Ekholm, Hillensjö & Isaksson, 1981) were used to achieve a high number of ovulations in the perfusion system. This resulted in a mean of 7 ovulations per ovary with a range of 4-9 ovulations, which is in the same order as the number of corpora lutea (8 per ovary) observed by Sogn et al. (1984) and the number of oocytes recovered in the oviduct (21 per animal) by Ekholm et al. (1981) .
The concentration of BSA in the medium in previous in-vitro studies Schmidt et al., 1985) has been 4%. Albumin serves as a carrier protein for steroids and counteracts the formation of oedema and preserves the morphology in the ovary (Cajander et al., 1984) . Since the oedema, the ovarian morphology, and the steroid release is the same for 2% and 4% BSA (Sogn et al., 1984) the present experiments were performed with the lower concentration of BSA.
In the present experiments, histamine alone induced ovulations, with the present dose giving 30-40% of the ruptures induced by LH in the perfusion system (see also Koos et al., 1984 ). This agrees with the incidence found by Kobayashi et al. (1983) , who also reported that follicle growth and rupture differed in rabbit ovaries exposed to histamine or LH: a characteristic apex or stigma was not present, and the oocytes often remained in an immature stage. Moreover, the action of histamine in the present study did not require an intact prostaglandin synthesis system, whereas indomethacin blocks the gonadotrophin-stimulated follicular rupture (Armstrong, 1981) . Preliminary results from unpublished ongoing experiments have indicated that histamine does not potentiate the effect of LH.
Specific effects of histamine are in general mediated by H !-receptors (Ash & Schild, 1966) or H2-receptors (Black, Duncan, Durant, Ganellin & Parsons, 1972) . In the cow follicle wall, which contains smooth muscle cells in the theca externa layer (Walles et al., 1975) , the Hl subtype of receptor is activated during contraction, whereas the H2-receptor is associated with relaxation of the wall (Schmidt et ., 1986) . Strips from the human follicle wall respond to histamine to a greater extent in the ovulatory phase than during other times of the menstrual cycle (Morikawa et al., 1981) . This conforms with observations that the spontaneous contractions of the rabbit ovary, which increase at the time of ovulation, can be completely blocked by the Hrreceptor antagonist, chlorpheniramine (Virutamasen, Wright & Wallach, 1972) . Moreover, this antagonist has also been found to reduce hCG-induced ovulations in the rabbit ovary both in vivo (Knox & Beck, 1976) and in vitro (Wallach, Wright & Hamada, 1978) . However, the in-vivo effect of chlorpheniramine could not be confirmed by Espey, Stein & Dumitrescu (1982) .
The H2-receptor antagonist, cimetidine, appears to be unable to affect the hCG-induced ovulatory response of rabbits in vitro (Kobayashi et al., 1983) or in vivo (Espey et al., 1982) . However, this antagonist, like chlorpheniramine, lowered the number of ovulations induced with histamine in the isolated perfused rabbit ovary (Kobayashi et al., 1983 ). The present experiments on rat ovaries agree with reports from studies on rabbits suggesting that the histamine-induced ovulation involves both receptor subtypes (Wallach et al., 1978; Kobayashi et al., 1983) . The H2-receptor antagonism in our experiments was achieved with two kinds of selective antagonists of different chemical nature, cimetidine (Brogden, Heel, Speight & Avery, 1978) and ranitidine (Brogden, Carmine, Heel, Speight & Avery, 1982) .
There may be several ways by which histamine affects the process of ovulation. The ovarian hyperaemia that follows LH or histamine stimulation (Wurtman, 1964) can be prevented by antihistamines (Piacsek & Huth, 1971) and is reflected in an interstitial oedema (Bjersing & Cajander, 1974) . The increased permeability of perifollicular capillaries, with the appearance of fenestrations (Bjersing & Cajander, 1974) and intercellular gaps between adjacent endothelial cells (Okuda, Okamura, Kanzaki & Takenaka, 1983) as ovulation approaches, makes a free connection between the capillary lumen and the follicular antrum possible. This would increase the strain on the follicle wall already weakened and loosened by collagenolytic enzymes (Fukomoto, Yajima, Okamura & Midorikawa, 1981) and prostaglandins (Espey, Coons, Marsh & LeMaire, 1981; Dennefors et al., 1982) .
In addition to its effect on permeability, histamine also has well-known actions on vascular resistance (see Owen, 1977; Tsuru, (Walles et al., 1975; Stefenson, Owman, Sjöberg, Sporrong & Walles, 1981) . It is not unlikely that activation of the follicular autonomie nerves, in addition to causing a direct contrac¬ tile effect, also stimulates a release of histamine from the mast cells (Weisner-Menzel, Schultz, Vakilzadeh & Czarnetski, 1981; Newson, Dahlström, Enerbäck & Ahlman, 1983) . Histamine from mast cells might influence follicular contractility either directly on its own, or through an inter¬ action with the transmitter released from the nerve terminals (McGrath & Shepherd, 1976; Foldes & Hall, 1979; Suzuki & Kou, 1983) .
Histamine stimulates the formation of progesterone in preovulatory follicles (unpublished observations) dissected free from PMSG-stimulated prepubertal rat ovaries and incubated in a superfusion system (Hedin, Ekholm & Hillensjö, 1983) . Progesterone has been shown in some studies to increase the frequency of ovulation in vivo and in vitro (e.g. Takahashi, Ford, Yoshinaga & Greep, 1974; Testart, Thébault & Lefèvre, 1983) , and histamine might influence the ovulatory process by stimulating the production of this sex steroid.
In conclusion, the observation that histamjne receptor blockade lowered the incidence of 
